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[Title of the Invention] MAGNETIC HEAD FOR PERPENDICULAR 
WRITING 

[Abstract ] 

[Object] To provide a perpendicular-writing magnetic head 
capable of writing magnetization of a medium so as to obtain 
a sharp reading waveform and of alleviating the influence of 
crosstalk. 

[Solving Means] The perpendicular- writing magnetic head 
of the present invention is formed by laminating a reading 
MR head 50 and a writing magnetic induction head 10. The MR 
head 50 comprises a bottom shield 54, a reading gap 56, an 
MR element 58, and a common pole 60. The magnetic induction 
head 10 comprises a common pole 60, a writing gap 62, 
exciting coils 64, and a trailing pole 12. The trailing 
pole 12 is planarized at the end surface 12a opposite to the 
MR head 50. 
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[Claims] 

[Claim 1] A perpendicular-writing magnetic head comprising 
a laminate of an reading MR head and a writing magnetic 
induction head, 

wherein a trailing pole of said magnetic induction head is 
planarized at the end surface opposite to said MR head. 
[Claim 2] A perpendicular-writing magnetic head according 
to Claim 1, wherein the planarized end surface of said 
trailing pole opposite to said MR head comprises a high- 
magnetic flux density layer . 

[Claim 3] A perpendicular-writing magnetic head according 
to Claim 1 , wherein the entirety of said trailing pole 
comprises a material having a high-magnetic flux density. 
[Claim 4] A perpendicular-writing magnetic head according 
to any one of Claims 1 to 3, wherein said trailing pole 
viewed from a medium sliding face has a trapezoidal shape of 
which the hase is the end surface of the MR head side 
thereof . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to a magnetic head for perpendicular writing which 
is used for magnetic writing and reading devices using 
perpendicular magnetization. Specifically, the present 
invention relates to a perpendicular-writing magnetic head 
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which is applicable to a perpendicular double -layer medium 
having a perpendicular magnetic layer and a soft magnetic 
lining layer. 
[00021 

[Description of the Related Arts] Perpendicular 
magnetization provides higher writing resolution than 
longitudinal magnetization, and therefore the practical use 
of magnetic heads for perpendicular writing has been desired 
depending on more dense magnetic writing in recent years. A 
typical magnetic writing and reading device based on 
perpendicular magnetization using a perpendicular double- 
layer medium comprises a perpendicular-writing magnetic head 
including an MR head at a reading area and a magnetic 
induction head at a writing area. Such a conventional 
perpendicular-writing magnetic head is disclosed, for 
example, in the Journal of the Magnetics Society of Japan, 
Vol. 19, Supplement No. S2, pp. 122-125 and this magnetic 
head has the same structure as longitudinal-writing magnetic 
heads have . 

[0003] Figs. 5 and 6 show a known perpendicular-writing 
magnetic head. Fig 5 is a bottom plan view from a medium 
sliding face and Fig. 6 is a longitudinal sectional view. 
The known perpendicular-writing magnetic head will be 
described with reference to these drawings . ^^ 
[0004] The conventional perpendicular-writing magnetic head 
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is formed by laminating a reading MR head 50 and a writing 
magnetic induction head 52. The MR head 50 comprises a 
bottom shield 54, a reading gap 56, an MR element 58, and a 
common pole 60. The magnetic induction head 52 comprises a 
common pole 60, a writing gap 62, exciting coils 64, and a 
trailing pole 66. A writing medium moves along the lower 
end of the perpendicular-writing magnetic head shown in Fig. 
6 from the right to the left. 

[00051 When the perpendicular-writing magnetic head 
performs writing on a longitudinal medium, a writing 
magnetic field generated from an end surface 66b of the MR 
head 50 side (leading side) of the trailing pole 66 
determines the writing magnetization of the medium. In 
contrast, when the perpendicular-writing magnetic head 
performs writing on a perpendicular double- layer medium, a 
writing magnetic field generated from an end surface 66a 
opposite to the MR head 50 side (trailing side) of the 
trailing pole 66 determines the writing magnetization 
distribution . 

[00061 As shown in Fig. 5, the shape of the front surface 
66b of the trailing pole 66 is substantially rectangular 
when viewed from a medium sliding face. In contrast, the 
shape of the back surface 66a of the trailing pole 66 is 
uneven when viewed from a medium sliding face. As a result, 
the shape of the writing magnetization transition is uneven 
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depending on the shape of the back surface 66a when writing 
is performed to a perpendicular double- layer medium, 
[0007] When the perpendicular-writing magnetic head is used 
for a longitudinal writing medium « the writing tracks 
include a side erase band (non- information writing tracks). 
The side erase band effectively alleviates the influence of 
reading irrelevant information from an adjacent track, 
namely crosstalk. 

[0008] On the other hand, perpendicular double- layer media 
provide high writing resolution and have a steep magnetic 
reversal portion, thus scarcely e3diibiting any side erase 
bands . 
[0009] 

[Problems to be Solved by the Invention] The following 
problems are caused by using conventional perpendicular- 
writing magnetic heads to write to a perpendicular double- 
layer medium. 

[0010] A first problem is that the shape of magnetization 
transition is non-linear. No matter how high the resolution 
of perpendicular double -layer medium is, the pulse width of 
the reading waveform increase. As a result, clear 
magnetization distribution for writing is hardly exhibited 
especially in highly dense writing areas , and thus 
satisfactory writing and reading cannot be performed. This 
is because the shape of the back surface 66a of the trailing 



- 6 - 



pole 66, which determines the writing magnetization of media, 
is uneven. 

[00111 A second problem is that crosstalk from adjacent 
tracks or writing tracks having a previous histoary 
significantly affect reading. Crosstalk components result 
in noises in reading, thereby leading to a decreased error 
rate. This is because the perpendicular double-layer media 
have no side erase bands, and consequently read irrelevant 
information from adjacent tracks or writing tracks having a 
previous history. 
[00121 

[Purpose of the Invention] The object of the present 
invention is, therefore, to improve the performance of 
magnetic writing and reading devices using perpendicular 
magnetization and to provide a perpendicular-writing 
magnetic head which can write on magnetic media so that the 
reading waveform is sharp and which can alleviate the 
influence of crosstalk. 
[00131 

[Means for Solving the Problems] A perpendicular -writing 
magnetic head according to the present invention is fojcmed 
by leuninating a laminate of a reading MR head and a writing 
magnetic induction head. A trailing pole of the magnetic 
induction head is planarized at the end surface opposite to 
said MR head. The planarized end surface of the trailing 



pole opposite to said MR head may comprise a high-magnetic 
flux density layer. Alternatively, the entirety of the 
trailing pole may comprise a material having a high-magnetic 
flux density. The trailing pole viewed from a medium 
sliding face may have a trapezoidal shape of which the base 
is the end surface of the MR head side thereof. 
[00141 

[Embodiments] Fig. 1 is a bottom plan view of a 
perpendicular-writing magnetic head vied from a medium 
sliding face, according to a first embodiment of the present 
invention. The embodiment will now be described with 
reference to this drawing. 

[0015] The perpendicular-writing magnetic head of the 
present invention is formed by laminating a reading MR head 
50 and a writing magnetic induction head 10. The MR head 50 
comprises a bottom shield 54, a reading gap 56, an MR 
element 58, and a common pole 60. The magnetic induction 10 
comprises a common pole 60, a writing gap 62, exciting coils 
64, and a trailing pole 12. The trailing pole 12 is 
planarized at the end surface (trailing side) 12a opposite 
to the MR head 50 (leading side). 

[0016] A method of manufacturing will now be described. 
First, elements from the bottom shield 54 to the trailing 
pole 12 are formed on a nonmagnetic substrate in that order. 
The back surface 12a of the trailing pole 12 is planarized 
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so as to be parallel to the MR element 58 and others by 
lapping (polishing), FIB (focused ion beam), or the like. 
[0017] Fig. 2 is a longitudinal sectional view of the 
perpendicular-writing magnetic head shown in Fig. 1. 
Referring to Figs. 1 and 2, writing on a perpendicular 
double- layer medium by the perpendicular- writing magnetic 
head will now be described. 

[0018] A perpendicular double-layer medium 20 comprises a 
writing magnetic layer 22 and a soft magnetic lining layer 
24. A writing magnetic field is generated from the entity 
of the front side surface 12b of the trailing pole 12 and 
flows to the soft magnetic lining layer 24 via the writing- 
magnetic layer 22 . The perpendicular-writing magnetic head 
moves from the left to the right in Fig. 2. The writing^ 
magnetization written in the perpendicular double -layer 
medium is, therefore, deteirmined by the magnetic field 
generated from the back surface 12a of the trailing pole 12. 
Since the trailing pole 12 of the perpendicular- writing 
magnetic head of the present invention is planarized at the 
back surface 12a thereof, the shape of a magnetization 
transition area in the perpendicular double-layer medium 20 
can be linear. The linear magnetization transition area 
decreases the pulse width of the isolated reading waveform 
and facilitates satisfactory writing on the medium even if 
the interval of the magnetization transition is reduced. 
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Thus, satisfactory writing and reading performance at high- 
density areas is exhibited. 

[0019] Fig. 3 is a bottom plan view of a perpendicular- 
writing magnetic head viewed from a medium sliding face, 
according to a second embodiment of the present invention. 
The embodiment will now be described with reference to this 
drawing. In this instance, portions shown in Fig. 1 are 
assigned the same reference numerals and the description 
thereof is omitted. 

[0020] A trailing pole 32 of a magnetic induction head 30 
comprises two layers consisting of high-magnetic flux 
density layer 34 and general magnetic pole layer 36. The 
high-magnetic flux density layer 34 is formed of a high- 
magnetic flux density material containing Fe and the back 
surface 32a thereof is planar ized. Alternatively, the 
entire trailing pole 32 may be replaced with the high- 
magnetic flux density layer 34. 

[0021] As described in the first embodiment, the writing 
magnetization of the medium is determined by the writing 
magnetic filed generated from the back surface 32a of the 
trailing pole 32. By providing the high-magnetic flux 
density layer 34 at the backside of the trailing pole 32, 
writing on a medium can be performed in a harder writing 
magnetic field. The same effects as the first embodiment 
are therefore obtained even if the writing magnetic layer of 
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the perpendicular double -layer medium has a high coercive 
force. 

[0022] A third embodiment of a perpendicular- writing 
magnetic head according to the present invention will now be 
described with reference to Fig. 1. 

[0023] As shown in Fig. 1, the trailing pole 12 of the 
perpendicular-writing magnetic head according to the present 
invention has a trapezoidal shape of which the base is the 
end surface 12b of the MR head 50 side when it is viewed 
from a medium sliding face. Azimuth angles 0 of both sides 
of the trailing pole 12 are defined as the angles between 
both sides of the trailing pole 12 and the end surface 12a 
of the trailing pole 12. The trapezoid is shaped by etching 
or FIB. 

[0024] Fig. 4 is a schematic diagrcim of a writing track 
pattern when writing is performed on a perpendicular double- 
layer medium. The following is a description referring to 
Figs. 1 to 4. 

[0025] Writing tracks 38 are separated into signal writing 
tracks 40 in which writing has been performed from the back 
surface 12a of the trailing pole 12 and side writing tracks 
42 in which writing has been performed from both sides 12c 
and 12d of the trailing pole 12. Since the writing pattern 
of the side writing tracks 42 is antiparallel to the reading 
MR element 42, the amount of information written in the side 
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writing tracks decreases due to an azimuth loss. Thus, the 
side writing tracks serve as non-signal writing tracks. In 
this instance, the azxmuth angles are determined to be 40'' 
or more so that a sufficient azimuth loss arises. 
[0026] Owing to the side writing tracks 42, writing is 
performed such that the writing tracks 38 are constantly 
separated from the adjacent writing tracks (or writing 
tracks having a previous history) 44. As a result, the 
influence of crosstalk, in which irrelevant signals are read, 
are alleviated. Also, the track width t of the side writing 
tracks 42 can be voluntarily changed, thus being determined 
according to specifications of magnetic disk units. 
[0027] In order to avoid crosstalk influence, the width of 
the MR element 58 which results in a reading track width is 
typically designed so as to be narrower than the writing 
track width. In contrast, in the perpendicular-writing 
magnetic head of the present invention, the width of the MR 
element 58 can be equivalent to the writing track width or 
greater by providing the side writing tracks 42. Since 
reading output is generally proportional to the reading 
track width, the perpendicular-writing magnetic head 
according to the embodiments of the present invention can 
provide high reading output . 

[Advantages] A first advantage of the present invention is 
that the magnetization transition area of a medium can be 
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linear. This is because the back surface of the trailing 
pole which has not been typically given any treatment is 
planarized. Thus, sharp writing magnetization is uniformly 
written in the track width direction and satisfactory 
writing magnetization state is exhibited even in a small 
high-density area. As a result, highly dense and 
satisfactory writing and reading can be performed. 
[0029] A second advantage of the present invention is that 
the first advantage can be obtained even when a highly 
antimagnetic medium is used as the writing medium. This is 
because writing can be perfofrmed on media in a harder 
writing magnetic field by laminating the high-magnetic flux 
density layer on the backside of the trailing pole or 
forming the entire trailing pole of a material having a 
high-magnetic flux density. 

[0030] A third advantage is that the influence of crosstalk 
can be alleviated. This is because a side writing pattern 
which does not result in any signal component is written in 
both sides of the writing tracks by providing the azimuth 
angle at both sides of the trailing pole. The side writing 
tracks allow the signal writing tracks to be separated from 
the adjacent writing tracks or the writing tracks having a 
previous history. Thus, high S/N signal can be obtained, 
and therefore satisfactory writing and reading can be 
performed. 
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[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a bottom plan view of a perpendicular- 
writing magnetic head vied from a medium sliding face, 
according to a first embodiment of the present invention. 
[Fig. 2] Fig. 2 is a longitudinal sectional view of the 
perpendicular-writing magnetic head shown in Fig. 1. 
[Fig. 3] Fig. 3 is a bottom plan view of a perpendicular- 
writing magnetic head viewed from a medium sliding face, 
according to a second embodiment of the present invention. 
[Fig. 4] Fig. 4 is a schematic diagram of a writing track 
pattern when writing is performed on a perpendicular double- 
layer medium. 

[Fig. 5] Fig. 5 is a bottom plan view of a known 
perpendicular-writing magnetic head view from a medium 
sliding face. 

[Fig. 6] Fig. 6 is a longitudinal sectional view of the 
perpendicular -writing magnetic head shown in Fig. 5. 
[Reference Numerals] 
50 MR head 

10, 30 magnetic induction head 

12, 32 trailing pole 

12a, 32a planarized end surface 
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